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ARTICLE INFO ABSTRACT
Keywords: The World Health Organization (WHO) declared COVID-19 as a pandemic on March 11, 2020, because of its
Mushrooms

widespread transmission and infection rates. The unique severe disease was found in Wuhan, China, since De-
cember 2019, and swiftly spread throughout the world. Natural chemicals derived from herbal medicines and
medicinal mushrooms provide a significant resource for the development of novel antiviral drugs. Many natural
drugs have been proven to have antiviral properties against a variety of virus strains, such as the coronavirus
and the herpes simplex virus (HSV).. In this research, successful dietary treatments for different COVID illnesses
were compared to potential of mushroom products in its therapy. In Google Scholar, Science Direct, PubMed,
and Scopus, search keywords like COVID, COVID-19, SARS, MERS, mushrooms, and their compounds were uti-
lized. In this review of the literature we foucsed popular mushrooms such as Agaricus subrufescens Peck, Agaricus
blazei Murill, Cordyceps sinensis (Berk.) Sacc., Ganoderma lucidum (Curtis.) P. Karst., Grifola frondosa (Dicks.) Gray,
Hericium erinaceus (Bull.) Pers., Inonotus obliquus (Arch. Ex Pers.) Pilat., Lentinula edodes (Berk.) Pegler, Pleurotus
ostreatus (Jacq.) P. Kumm., Poria cocos F.A. Wolf, and Trametes versicolor (L.) Lloyd.,. Changed forms of f-Glucan
seem to have a good impact on viral replication suppression and might be used in future studies. However, the
results seems terpenoids, lectins, glycoproteins, lentinan, galactomannan, and polysaccharides from mushrooms
are promising prophylactic or therapeutic agents against COVID-19.

Immunomodulatory effect
Antiviral activity
COVID-19
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1. Introduction massive alveolar damage and progressive respiratory action stoppage,

posing significant challenges to the medical and health communities

SARS (Severe Acute Respiratory Syndrome) outbreak in 2003 and
the MERS (Middle East respiratory syndrome) in 2012 persuaded severe
human diseases (World Health Organization, 2020). SARS and MERS
are both zoonotic diseases that originated in bats. The capacity of these
viruses to evolve quickly and adapt to a new host is one of their most dis-
tinguishing characteristics. These viruses’ zoonotic origins allow them to
move from host to host (Cui et al., 2019). After seven years, SARS-CoV-
2 (Severe Acute Respiratory Syndrome — Coronavirus-2) was detected
in December 31, 2019 in Wuhan, the capital of Central China’s Hubei
Province (World Health Organization, 2020) causing the pneumonia dis-
ease named as coronavirus disease 2019 (COVID-19) (formerly 2019-
nCoV) by WHO. In comparison to SARS and MERS, COVID-19 causes an
extreme acute respiratory syndrome in humans and animals, resulting in

(Velavan & Meyer, 2020).

The SARS-CoV-2 has emerged as the source of a global pandemic
and after that WHO proclaimed the worldwide pandemic on March 11,
2020 due to the novel type of coronavirus (nCoV). Many of the early in-
stances were linked to the Huanan market in Wuhan, but a comparable
number were linked to other markets, and some were not linked to any
markets at all. Transmission among the wider community in Decem-
ber might explain for cases not linked to the Huanan market, which,
together with the occurrence of early cases not linked to the market,
could indicate that the Huanan market was not the outbreak’s gene-
sis (World Health Organization, 2021). Eventhough, since then, it has
rapidly spread across China and in other countries, raising major global
concerns.
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1.1. Epidemiology

The nCoV is a polyadenylated, enveloped, positive, single-stranded
big RNA virus with a size of 27-32 kb that belongs to the genus beta
coronavirus and is 96% genetically identical to the bat SARS-alike coron-
avirus. Coronaviruses are spherical virions with a core shell and outward
projections that resemble a solar corona, therefore the name (corona
means "crown" in Latin). There are various subtypes of coronaviruses
that can infect humans, such as Alpha (B.1.1.7 and Q lineages, iden-
tified in Kent, UK), Beta (B.1.351 and descendent lineages, identified
in South Africa), Gamma (P.1 and descendent lineages, identified in
Brazil), Epsilon (B.1.427 and B.1.429), Eta (B.1.525), Iota (B.1.526),
Kappa (B.1.617.1), 1.617.3, Mu (B.1.621, B.1.621.1), Zeta (P.2), Delta
(B.1.617.2 and AY lineages, identified in India). The Omicron variant
(Pango lineages B.1.1.529, BA.1, BA.2 and BA.3. BA.1, first identified
in South Africa) with the variant being monitored (VBM) and a vari-
ant of concern (VOC), respectively (Centers for Disease Control, 2021;
Divya et al., 2020; Velavan & Meyer, 2020; Wolter et al., 2021).

1.2. Infection

It affects patients of all ages, albeit fewer occurrences have
been documented in children, with an estimated time between in-
fection, illness progression, and hospitalization in patients rang-
ing from 9.1 to 12.5 days (Divya et al., 2020; Fauci et al,
2020) and that affected more than 224 countries and territories
with over 422 million infected cases and deaths of 5.89 lakhs as
of today (https://www.worldometers.info/coronavirus/and accessed
on 19 February 2022). It mainly infects the lungs by exploiting
the ACE2 (Angiotensin-converting enzyme II) receptor for receptor-
mediated endocytosis into host lung alveolar epithelial cells (Velavan
& Meyer, 2020) activating both innate and adaptive immune responses
in the host, leading to uncontrolled inflammatory innate and impaired
adaptive immunological responses. In COVID-19 patients, the number of
CD* T, CD8* T, B, and natural killer (NK) cells, as well as the proportion
of monocytes, eosinophils, and basophils, is significantly decreased. The
number of neutrophils, the natural killer inhibitory receptor CD94/NK
group 2 member A (NKG2A) on cytotoxic lymphocytes (NK and CD8*+ T
cells) are all increased in infected individuals (Cao, 2020).

The infection by nCoV increased the levels of pro-inflammatory cy-
tokines such as IL-2, IL-6, IL-8, IL-1, IL-17, G-CSF, GM-CSF, IP10, MCP1,
MIP1 (CCL3), and TNF, as well as the levels of C- reactive protein and
D- dimer, which leads to cytokine storm (Cao, 2020). The TLR (Toll-
like receptors) identifies viral particles and activates the NF-xB path-
way, which leads to the transcription of cytokines like IFN-y and IL-6.
However, in the case of COVID-19, the virus inhibits the NF-xB-TLR4
pathway, delaying IFN- y production and allowing the virus to repli-
cate uncontrolled. While when COVID-19 virus particles connect to TLRs
on macrophages, neutrophils, and dendritic cells, pro-IL-1 is produced,
which is subsequently cleaved by caspase-1, culminating in the pro-
duction of IL-1, a mediator of lung inflammation, fever, and fibrosis
(Conti et al., 2020).

As a result, there are three stages to the COVID-19 infection: early
(phase one), pulmonary (phase two), and hyper-inflammation (phase
three). The first phase is characterized by fever and cough caused by vi-
ral replication in the respiratory epithelium, whereas the second phase
is marked by hypoxia. Phase three is characterized by the emergence
of acute respiratory distress syndrome, septic shock, cytokine release
syndrome, cardiac problems, and secondary hemophagocytic syndrome,
which may appear between 9 and 12 days after the onset of the illness
(Khadke et al., 2020). Inflammatory variables were found in COVID-
19 patients, including an increase in (IL)—6, IL-8, tumor necrosis factor
(TNF)-« and IL-1p in non-survival groups compared to survival groups,
according to the study. It is critical to understand how to block the Cy-
tokine Storm and when to begin anti-inflammation medication to lower
the chance of mortality from COVID-19 (Del Valle et al., 2020). Sup-
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pression of pro-inflammatory cytokines TNF-«, IL-14 and IL-6 have been
proven to improve a variety of inflammatory disorders, including viral
infections which could be considered in the management and treatment
of COVID-19 (Zhang et al., 2020a).

1.3. Prevention and treatments

Among the antiviral drugs that are prescribed to treat viral infec-
tions, some antivirals were designed to fight specific viruses, while oth-
ers are made to fight a broad spectrum of viruses. Some of these are
Remdesivir (Veklury), AT-527, EIDD-2801, Favipiravir (Avidan), Flu-
voxamine, Kaletra, Merimepodib (VX-497), Niclosamide, Umifenovir
(Arbidol), and monoclonal antibodies from AstraZeneca and Celltrion.
Immune modulators like dexamethasone, medicines like lopinavir and
ritonavir and tocilizumab, an IL-6 receptor-targeted monoclonal anti-
body, have been linked to reduction in fever and improved respira-
tory function in the treatment of COVID-19 (Qomara et al., 2021).
Conversely, WHO recommended suspending hydroxychloroquine and
lopinavir/ritonavir treatment for COVID-19 patients (Harris et al.,
2020).

Therefore, the key goals in COVID-19 treatment are the creation of
vaccinations and preventive agents. Several vaccinations to fight viral
spread were produced within a year of the pandemic. Some of these vac-
cinations are being rolled out over the world to help reduce infection,
illness severity, and death. The vaccinations produced against nCoV are
split into four types: whole virus, protein subunit, viral vector, and nu-
cleic acid (RNA and DNA) vaccines. Some try to inject the antigen into
the circulation, while others, like the messenger RNA (mRNA) vaccina-
tion, employ the body’s cells to produce the viral antigen (World Health
Organization, 2020). Many institutes have been involved in this re-
search. Moderna/National Institutes of Health, Sanofi/Translate Bio and
Pfizer (collaborated with German biotech business BioNTech and Chi-
nese pharmaceutical Fosun Pharma) produced the mRNA vaccine. While
CanSino Biologics created a potential vaccine that employs an aden-
ovirus known as Ad5 to deliver coronavirus proteins into cells. Gama-
leya Research Institute produced Trusted Source, a vaccination that
combines two adenoviruses, Ad5 and Ad26 (Xiaoni et al., 2021). As-
traZeneca and the University of Oxford in collaboration developed vac-
cination based on a chimp adenovirus that transfers coronavirus proteins
into cells. Sanofi and GSK have based on recombinant vaccine candidate.
The Novavax vaccine is made up of virus proteins coupled to tiny par-
ticles. In Brazil, Indonesia, and Turkey, the Wuhan Institute of Biologi-
cal Products/Sinopharm, Sinopharm and Beijing Institute of Biological
Products, Sinovac Biotech, and Bharat Biotech, the Indian Council of
Medical Research, and the Indian National Institute of Virology devel-
oped an inactivated virus vaccine. Furthermore, the DRDO’s Institute
of Nuclear Medicine and Allied Sciences Laboratory, in collaboration
with Dr. Reddy’s Laboratories in India, has developed an oral antivi-
ral drug for COVID-19 called 2-DG (2-Deoxy-d-glucose) (Kimble et al.,
2021; Lai et al., 2021).

Inspite of this, in January 2022, WHO has approved the following
vaccines after complete the evaluation criteria about their safety and ef-
ficacy which are including AstraZeneca/Oxford vaccine, Johnson and
Johnson, Moderna, Pfizer/BionTech, Sinopharm, Sinovac, COVAXIN,
Covovax, Nuvaxovid (World Health Organization, 2022).

1.4. Importance of alternative therapies for COVID-19

Despite the fact that the number of COVID-19 positive cases and
deaths is steadily growing, COVID-19 infection spreads swiftly and
varies from previous SARS-CoV infections due to structural differences
in ‘S’ proteins. Each variant brings new benefits to its family over the
previous’s and the new variant Omicron has a strong growth advantage
over Delta, resulting in fast community dispersion and greater occur-
rence rates than that in prior pandemics (Callaway, 2021). Hence we
have yet to find safe, highly effective, and widely available therapies
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for coronavirus disease 2019 (COVID-19), and even as the vaccine be-
gins to roll out in many countries, there are still more questions than
answers about the best method to treat COVID-19 and post COVID-19
symptoms.

As well as, since these treatments do not provide a full cure or are
unsuccessful for any one infected individual, and because of the rising
number of human setbacks, research has focused on better understand-
ing the disease’s concept in order to design convincing cures. COVID-19
has yet to be identified with a particular therapy. Immunization is at
a critical juncture, with many individuals currently undergoing clinical
trials (Fauci et al., 2020). Whereas, different pharmaceuticals have now
been found and created as instruments for treating and smothering in-
cendiary crises, using steroids, nonsteroidal relaxation medications, and
immunosuppressants (Fauci et al., 2020). As a consequence, a powerful
antiviral with increased effectiveness for the prevention and treatment
of COVID-19 illness is urgently needed.

In practice, the goal is to build a medicine from a basic feasible
component that is more adequate. Increased use of these treatments,
however, is associated with negative side effects such as ulceration,
gastric aggravation, angioedema, hepatic disappointment, migraine,
hemolytic fragility, hyperglycemia, immunodeficiency-related difficul-
ties, and others (Fauci et al., 2020). As a consequence, conventional
medicinal treatments that are widely deemed to be safe as a type of
optional therapy are being explored, as well as possible antiviral and
immune booster herbal medications, extracts, or formulations.

Traditional or alternative remedies are frequently the only thera-
peutic options accessible in impoverished nations. Traditional, comple-
mentary, and integrative medicine (TCIM) strategies appear to have
sparked interest in the quest for conventional medical therapies for
COVID-19. TCIM methods frequently emphasize prevention, and the
immune-supporting benefits of several TCIM medicines are expected
to help patients better fight against infection and after symptoms
(Nugraha et al., 2020; Pergolizzi et al., 2021). Natural products (medic-
inal plants/mushrooms) and their compounds could have the potential
for prevention and treatment against COVID-19 since many phytocom-
pounds have been recoganized as potential prophylactic and therapeutic
agents for viral infections.

ACE2 has been discovered as a host cell surface receptor for the
entrance of COVID-19 into humans, making it a promising target for
novel treatments (Cheke et al., 2021). Some popular plants, including
cinnamon, pepper, olive, black nightshade, hawthorn, passion fruit, and
grapes, were shown to have ACE2 inhibitory action and have been in-
tensively explored with in silico, pre-clinical, and clinical models. Al-
kaloids, flavonols, flavonones, terpenes, limonoids, lignans, terpenoids,
tannins, phenolic acids, and fatty acids are all examples of ACE2 in-
hibitors found in plant extracts (Abubakar et al., 2021; Cheke et al.,
2021; da Silva Antonio et al., 2020; Joshi et al., 2021).

In addition to using natural medicine to treat COVID-19, antiquated
medicinal structures in Asia, such as Traditional Chinese Medicine
(TCM) and Indian Ayurveda medicine, rely on the use of plants and
therapeutic mushrooms in traditional medical systems and even regu-
larly for various diseases such as influenza, hepatitis B, diarrhea, throat
infection, and also against various viruses such as hepatitis B, dengue,
chikungunya, polio, and so on (Pergolizzi et al., 2021).

2. Baseline of the study

Therefore, the purpose of this paper was to look into the anti-COVID-
19 properties of regularly used and linked medicinal mushrooms. The
mushrooms, which are extensively used in food and have numerous re-
ports of improving immunity response, were used as a backdrop for this
research since the primary concern from nCoV is the downregulation of
the immune system and the overexpression of cytokines. As a result, in
light of the COVID-19 study’s focus on natural products, this evaluation
suggests that mushrooms have the potential to be effective against nCoV
based on existing scientific data. It also proposes that potential COVID-
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19 infection research targets for mushrooms should be researched and
prioritized based on their antiviral, immunomodulatory, and other rele-
vant properties. The selection criteria included PubMed/Google Scholar
indexed studies or books on the immunomodulatory, anti-inflammatory,
and antiviral activities of these mushrooms, as well as the primary term
COVID-19.

3. The use of medicinal mushrooms as adjuvant therapy against
COVID-19

Many medicinal mushrooms utilized in Traditional Chinese and In-
dian medical systems for over 2000 years have been discovered to have
antiviral, immunomodulatory, and anti-allergic/anti-asthmatic effects
(Patwardhan et al., 2005). As well as, it have previously been reported
to have anti-infectious, anti-inflammatory, anti-tumor, and immune-
modulating properties and as a result, there is an increasing interest in
the medicinal use of mushroom nutraceuticals (Akramiené et al., 2007;
Pelizon et al., 2005).

Mushroom immunomodulators activate both the innate and adap-
tive immune systems. By proliferating and activating innate immune
system components such as natural killer (NK) cells, neutrophils, and
macrophages, they increase the development and release of cytokines.
These cytokines subsequently promote B cell antibody production while
also boosting T cell differentiation into T helper (Th) 1 and Th2 cells,
which mediate cell and humoral immunity, respectively (Zhao et al.,
2020).

Due to their large molecular weight, mushroom polysaccharides are
unable to infiltrate immune cells and activate them directly. Dectin-1,
Complement receptor 3 (CR3), Lactosylceramide (LacCer), and Toll-like
receptor (TLR)2 are among the cell receptors implicated in polysaccha-
ride stimulation. Polysaccharide effectiveness in these settings is deter-
mined by its affinity for immune cell receptors (Rangsinth et al., 2021).

Since the dawn of time, mushrooms have been used to prevent
and treat infection and sickness. The various reports on the immune-
boosting abilities of a range of medicinal mushrooms may looked at the
treatment of COVID-19 (Rangsinth et al., 2021). According to Hetland
et al. (2021), basidiomycetes mushrooms may be effective as preven-
tative or therapeutic add-on therapies in COVID-19 infection, as well
as for the immunological overreaction and harmful inflammation as-
sociated with COVID-19 infection. Six low-toxic/nontoxic chemicals
in mushrooms demonstrated SARS-CoV-2 protease inhibitor action by
Rangsinth et al. (2021). Similarly, Chaga mushrooms (which grow
largely on the bark of birch trees in Northern Europe, Siberia, Russia,
Korea, Northern Canada, and Alaska) with a powerful enzymatic sys-
tem and a strong defense system due to their parasitic way of life have
demonstrated promising benefits in the decrease of COVID-19 related
inflammatory responses in a study (Shahzad et al., 2020).

Apart from this, the g-glucans from the edible shiitake mushroom
have been found to protect against a wide range of viral infections
and may assist to reduce the key cytokines implicated in the cytokine
storm observed in severe COVID-19 instances. The beta-glucans, carbo-
hydrates, found in the cell walls of saprophytes, lichens, and plants are
most oftenly prescribed for heart disease and excessive cholesterol. Ac-
cording to recent study, medicinal mushrooms may aid with asthma and
lung infections, meaning that they can also help with COVID-19. In this
sense, medicinal mushrooms may have a preventive effect by strength-
ening the immune system’s tolerance to COVID-19 (Murphy et al.,
2020).

According to Saxe, who led the MACH-19 trials with a combina-
tion of two mushrooms: turkey tail (Trametes versicolor) and agarikon
(Fomitopsis officinalis), which are both accessible as over-the-counter
supplements, the mushrooms offer physiologically plausible immune-
modulating capabilities against SARS-CoV-2. Interacting to receptors on
immune cells is one of the ways fungus interact as part of the gut micro-
biome. T lymphocytes, for instance, have receptors that bind mushroom
polysaccharides. This is one route by which mushrooms might change
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the behavior of our immune cells, which could help us to fight against
SARS-CoV-2 (Slomski, 2021).

4. Antiviral and immunomodulatory effects of medicinal
mushrooms

A wide rage of mushrooms have been reported with antiviral effects
against various viruses as well as anti-inflammatory and immunomod-
ulatory effects in various experiments Table 1. shows the potential of
medicinal mushrooms for the creation of broad-spectrum antiviral, anti-
inflammatory, and immunomodulatory therapies, as well as the implica-
tions for COVID-19 therapy. Because of its nutritional and pharmacolog-
ical characteristics, the sun mushroom Agaricus brasiliensis (synonyms:
Agaricus blazei SS. Heinem) is frequently consumed, particularly as tea.
Aqueous (AgQE) and ethanol (EtOHE) extracts from the fruiting body of
A. brasiliensis, as well as an isolated polysaccharide (PLS), were tested in
HEp-2 cells for antiviral activity against poliovirus type 1. With selectiv-
ity lists (SI) of 5.4, 9.9, and 12.3, respectively, the quantity of plaques
fell by half, 67 and 88% when AgE, PLS, and EtOHE were administered
shortly after infection immunization (time 0 h) (Faccin et al., 2007).

4.1. Immunomodulatory effects of mushrooms

Immunomodulatory and perhaps cancer-fighting activities of the ex-
tracts of Agaricus blazei mushroom have also been discovered. To as-
sess leukocyte homing and enactment, mice were given (99 m) Tc-
radiolabeled leukocytes, which showed enhanced leukocyte migration
to the spleen and heart of animals treated with A. blazei enhancements.
In the spleen, researchers detected increased initiation of neutrophils,
NKT cells, and monocytes, as well as enhanced production of TNF-«
and IFN-y. Circulating NKT cells and monocytes were also more stim-
ulated as a result of the enhanced gathering. The atherosclerotic sore
patches in the aorta of mice were improved, with more macrophages
and neutrophils counts. After 12 weeks of supplementation, A. blazei
induced transcriptional activation of genes associated to macrophage
initiation (CD36, TLR4), neutrophil chemotaxis (CXCL1), leukocyte ad-
hesion (VCAM-1), and plaque vulnerability (MMP9) (Gongcalves et al.,
2012).

4.2. Antiviral effects of mushrooms

According to the literature, the related medicinal mushrooms, Agar-
icus blazei Murill, Hericium erinaceus, Grifola frondosa and Inonotus
obliquus might have value as prophylactic or therapeutic add-on reme-
dies in COVID-19 infection, particularly as countermeasures against
pneumococcal superinfection, even when caused by multiresistant bac-
teria, and for the immune overreaction and damaging inflammation
that occurs with COVID-19 attack (Hetland et al., 2021; Shahzad et al.,
2020).

Senthil Kumar et al. (2021) reported that Antcins from Antrodia
cinnamomea and Antrodia salmonea inhibit Angiotensin-Converting En-
zyme 2 (ACE2) in Epithelial Cells which could be a potential com-
pound against COVID-19 as prophylactic agents. Herein antcin-I show
inhibitory effects on ACE2 in cultured human epithelial cells. As a result,
there’s a lot of curiosity about whether or if mushroom compounds can
be used to combat the epidemic. Our goal was to write a short narrative
assessment of the many sorts of mushrooms antiviaral and immunomod-
ulatory effects and how they’ve been employed to against COVID-19.

The in-vitro cytotoxicity and hostile to HIV-1 activities of Cordyceps
sinensis aqueous extract were investigated using the CCK-8 and TZM-bl
pseudovirus tests. C. sinensis extract displayed anti-HIV-1 activities in
vitro, while an aqueous extract from the fresh fungus inhibited opposite
transcriptase more effectively. Furthermore, a significant relationship
between the novel stroma concentrate and the Vif protein was observed.
According to the study, limiting converse transcriptase movement and
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partnering with Vif protein might impede the in vitro anti-HIV-1 effect
of C. sinensis watery concentrates (Zhu et al., 2016).

Grifola frondosa polysaccharide (GFP1) has a 1,6-d-glucan spine with
a single 1,3-d-fucopyranosyl side-spreading unit and was isolated from
Grifola frondosa mycelia. Enterovirus 71 is the germ that causes hand,
foot, and mouth disease (EV71). GFP1 was evaluated for anti-EV71 ac-
tion in cultivated cells, and it was discovered that EV71 viral replication
was reduced, as well as viral VP1 protein articulation and genotoxic-
ity. Furthermore, by masking EV71-induced caspase-3 cleavage and 1B
downregulation, GFP1 demonstrated apoptotic and other actions. The
results reveal that the unique G. frondosa polysaccharide possesses an-
tiviral action, suggesting that it might be effective as a new anti-EV71
therapeutic chemical in the future (Zhao et al., 2016).

Lignosus rhinocerotis, Pleurotus giganteus, Hericium erinaceus, Schizo-
phyllum commune, and Ganoderma lucidium were used in the in vitro
hostile to dengue infection serotype 2 (DENV-2) experiments. Hot wa-
ter (HAEs), ethanol (EEs), hexane (HSEs), ethyl acetic acid deriva-
tion (ESEs), and aqueous extraction (ASEs) were used to extract the
mushrooms. The anti-DENV-2 activity of the extracts was assessed in
three ways: simultaneous, attachment, and penetration testing utiliz-
ing plaque reduction assays and RT-qPCR. The influence of expansion
time on viral replication was explored during expansion tests, and a
virucidal test was done to assess the immediate impact of each mush-
room on DENV-2. The HAEs and ASEs of L. rhinocerotis, P. giganteus,
H. erinaceus, and S. commune had a low toxic effect on Vero cells and
demonstrated anti-DENV2 activity, according to the findings. During
synchronous therapy, the ASEs’ half inhibitory focus (ICs,) was esti-
mated to be between 399.2 and 637.9 ng/mL, while the HAEs’ ICs, was
estimated to be between 312.9 and 680.6 pug/mL. ASEs (IC5y: 226.3—
315.4 ng/mL) and HAEs (ICs5,: 943.1-2080.2 pg/mL) were also identi-
fied as major dengue-fighting agents in the penetration evaluation. In
addition, in the ASEs and HAEs’ simultaneous and penetration experi-
ments, the expression levels of the ENV and NS5 genes were measured.
Anti-DENV2 activity was strongest when the mushroom extracts were
added after infection adsorption, according to time-of-addition experi-
ments. In any of the concentrations, there was no indication of virucidal
action (Ellan et al., 2019).

In cell-based experiments, IOP (Inonotus obliquus polysaccharides)
therapy showed anti-Feline calicivirus (FCV) (strain F9) activity and
minimal cytotoxicity. According to an analysis of the compound’s mech-
anism of action, IOP treatment incites its inhibitory actions directly on
infection particles by blocking viral binding/absorptions. IOP also ex-
hibited antiviral effectiveness against the Feline herpesvirus 1, Feline
influenza viruses H3N2 and H5N6, cat panleukopenia infection, and Fe-
line influenza virus irresistible peritonitis infection, which may all cause
feline respiratory and gastrointestinal diseases. These data showed that
IOP might be used to treat Feline infections as a broad-spectrum antivi-
ral (Tian et al., 2017).

Shibnev et al. (2011) discovered that fractions of the aqueous extract
of the Inonotus obliquus fungus had a virucidal impact on the hepatitis C
virus, lowering its infective characteristics by 100-fold in under 10 min.
Similarly, its antiviral action against the human immunodeficiency virus
type 1 (HIV-1) was demonstrated for both aqueous and water-alcohol
extracts of the fungus. The grouping of 5.0 pg/mL demonstrated an-
tiviral activity with a minimal harmful effect when used in conjunction
with infection in the lymphoblastoid cell culture MT-4. Thus, the birch
fungus could be utilized in novel antiviral treatments and HIV replica-
tion inhibitors either employed as single pharmaceutical or as part of a
complicated therapy (Shibnev et al., 2015).

One of the most well-known medicinal fungus species, Ganoderma
lucidum, has been used to treat a number of diseases. Triterpenoids
and polysaccharides have been found as the main pharmacologically
active components in G. lucidum (Boh et al., 2007). Compounds from
G. lucidum have reported anti-tumor (Cherian et al., 2009), anti-
microbial (Chen et al., 2012a), anti-atherosclerotic, anti-inflammatory,
hypolipidemic (Chen et al., 2005), anti-diabetic, anti-oxidative, radical-



Table 1
Antiviral activities of mushrooms and their chemical constituents.

Model

Key results

Refs.

Species name Family Extract/compound

Agaricus blazei Murrill Agaricaceae Polysaccharides (ABP — AW1)

Agaricus brasiliensis Fr., Agaricaceae Sulfated polysaccharides
polysaccharide (PLS)
polysaccharides
$-(1-2)-gluco-p-(1-3)-
mannan

Agaricus bisporus (J.E. Agaricaceae Tyrosinases - protein

Lange) Imbach

Ganoderma lucidum Polyporaceae GLPG (Ganoderma lucidum

(Curtis) P. Karst., proteoglycan)

Lentinula edodes (Berk.) Omphalotaceae mycelia (LEM) solid culture

Pegler, extracts

Lentinula edodes (Berk.) Omphalotaceae polysaccharide (LeP)

Pegler,
aqueous (AgE) and ethanol
(EtOHE) extracts and
polysaccharide (LeP)

Lentinus edodes (Berk.) Polyporaceae peptidomannan, KS-2,

Singer, extracted from culture

mycelia

HSV-1 [KOS and 29R
(acyclovir-resistant) strains]
and HSV-2 strain 333,

antiviral activity against
poliovirus type 1 in HEp-2
cells.

The antiherpetic efficacy of
MI-S was assessed in murine
ocular, cutaneous, and
genital infection models of
HSV. herpes simplex virus
(HSV) attachment,

antiviral activity against the
Hepatitis C virus

antiviral activities against
herpes simplex virus type 1
(HSV-1) and type 2 (HSV-2)
were investigated by the
cytopathic effect (CPE)
inhibition assay in cell
culture

anti-influenza virus activity
of LEM in vitro (influenza
virus growth) and in vivo
(infected mice)

Poliovirus type 1 (PV-1) and
bovine herpes virus type 1
(BoHV-1).

Inhibition of viral adsorption.

Plaque assay. Poliovirus type
1 (PV-1), vaccinal strain,
bovine herpesvirus type 1
(BoHV-1)

influenza A2 (H2N2) virus,

Agaricus blazei mycelium significantly reduced the CPE of Western equine
encephalitis (WEE) virus, herpes simplex virus, and poliovirus in Vero cells.

In the early phases of herpesvirus and enterovirus reproduction, basidiomycetes
extract contains inhibitory chemicals.

With selectivity indices (IC5,) of 439, 208, and 562, a sulfated derivative (MI-S) of a
polysaccharide isolated from A. brasiliensis mycelia demonstrated inhibitory efficacy
against HSV-1 [KOS and 29R (acyclovir-resistant) strains] and HSV-2 strain 333.
MI-S suppressed HSV-1 and HSV-2 binding, penetration, and cell-to-cell
dissemination, as well as the expression of HSV-1 ICP27, UL42, gB, and gD proteins.
When MI-S was coupled with acyclovir, it showed a synergistic antiviral effect.

With a selectivity index (SI) of 5.4, 9.9, and 12.3, respectively, AqE, PLS, and EtOHE
were lowered by 50%, 67%, and 88%, respectively.

By day 9, mice that had been infected on the skin and administered MI-S orally had
significantly reduced illness scores (p 0.05), showing that healing had been hastened.

Tyrosinases may represent a potential antiviral inhibitory strategy by catalysing the
selective hydroxylation of crucial position tyrosine residues in viral proteases.
Tyrosinases derived directly from fresh mushrooms (which contained both
tyrosinases) had equal antiviral efficacy, implying that they could be used to treat
hepatitis C at a low cost.

Polysaccharide reduced the cytopathic impact in HSV-infected cells in a
dose-dependent manner, with no cytotoxic effects even at a dosage of 2000 ug/ml.
The antiviral activity of GLPG was demonstrated in cells treated with the compound
before, during, and after infection, with virus titers in the supernatant of cell culture
48 h later assessed using the TCID(50) assay.

Pre-treatment and treatment during virus infection revealed stronger antiviral
effects of GLPG than post-infection therapy.

Infected mice who were given LEM orally had a longer median survival duration.
Infected mice developed mild bronchiolitis after receiving LEM by mouth, and the
amount of alveolitis was dramatically reduced.

The LEM-administered mice demonstrated a rapid stimulation of IFN-y gene
expression after being infected with influenza virus.

In a mouse model, LEM’s immunopotentiation activity on the type I IFN pathway
prevents virus propagation from peribronchiolar to distal alveolar areas.

AgE and LeP were more effective when added at 0 h after infection; however, EtOHE
was more effective at 1 h and 2 h after infection. AQE, EtOHE, and LeP demonstrated
modest virucidal efficacy, and viral adsorption was not significantly inhibited.
Adding the extract at concentrations of 3.1, 6.3, 12.5, and 25 mg/ml at the time of
infection (0 h) resulted in viral inhibition of 1.8, 17.5, 41.1, and 82.5%, respectively.
The percentages of inhibition were 9.2, 12.1, 24.5, and 60.2% one hour after
infection (1 h).

In mice infected intranasally (IN) with influenza A2 (H2N2) virus, KS-2 was
revealed to exhibit important protective qualities.

The agent’s efficacy was established by an increase in the number of survivors, a
longer mean survival time, a reduction in viral titer in lung tissues, and an inhibition
of lung consolidation produced by the viral infection.

Oral and intraperitoneal KS-2 administrations protected mice from infection, and
both prophylactic and chemotherapeutic administrations had substantial antiviral
efficacy.

Sorimachi et al. (2001)

De Sousa Cardozo

et al. (2014)

Faccin et al. (2007)

Cardozo et al. (2013)

Lopez-
Tejedor et al. (2021)

Liu et al. (2004)

Kuroki et al. (2018)

Rincao et al. (2012)

Rincéo et al. (2012)

Suzuki et al. (1979)

(continued on next page)
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Table 1 (continued)

Species name Family Extract/compound Model Key results Refs.
Ganoderma pfeifferi Bres., Polyporaceae triterpenes Herpes simplex virus. Inhibitory activity of the herpes simplex virus in ganoderone A, lucialdehyde B, and Niedermeyer et al. (2005)
ergosta-7,22-dien-3-ol.
Lentinus edodes (Berk.) Polyporaceae lentinan (LNT-I) THNV infection In pre-addition, co-addition, and post-addition to IHNV, direct inactivation and Ren et al. (2018)
Singer, antiviral capability were 62.34%, 39.60%, 53.63%, and 82.38%, respectively, under
100 g/mL of LNT-I. (MOI of 0.05).
The principal antiviral mechanisms of LNT-I are direct inactivation and suppression
of viral replication.
LNT-I dramatically decreased the expression of TNF-, IL-2, and IL-11 after being
exposed to IHNV while considerably raising the expression of IFN-1 and IFN-y.
Coriolus versicolor (L.) Polyporaceae Polysaccharide, peptide anti-human It stopped HIV-1 gp 120 from interacting with an immobilised CD4 receptor Collins and Ng (1997)
Quél., immunodeficiency virus type (ICsy = 150 ug/ml), recombinant HIV-1 reverse transcriptase (ICs, = 6.25 ug/ml),
1 (HIV-1) and a glycohydrolase enzyme involved in viral glycosylation (IC5, = 6.25 pug/ml).
Ganoderma lucidum Polyporaceae triterpenoids (GLTS), EV71 infection By connecting with the viral particle and blocking virus adsorption to the cells, Zhang et al. (2014)
(Curtis) P. Karst. Lanosta-7,9(11),24-trien-3- GLTA and GLTB prevent EV71 infection.
one,15;26-dihydroxy (GLTA) The interactions between the EV71 virion and the chemicals were predicted using
and Ganoderic acid Y molecular docking, which revealed that GLTA and GLTB bind to the viral capsid
(GLTB), protein at a ydrophobic pocket (F site), blocking EV71 uncoating.
EV71 replication is inhibited by GLTA and GLTB, which impede EV71 uncoating and
consequently viral RNA (vRNA) replication.
GLPG (Ganoderma lucidum antiviral activities against GLPG decreased cell death in HSV-infected cells in a dose-dependent manner. Li et al. (2005)
proteoglycan) herpes simplex virus type 1 GLPG had no cytotoxic effect even at 2 mg/ml.
(HSV-1) and type 2 (HSV-2) To test GLPG’s antiviral action, cells were infected with the virus and the viral titer
in the cell culture supernatant was evaluated before, during, and after infection. A
TCID ((50)) assay was used to assess 48 h after infection.
Pleurotus ostreatus (Jacq.) Pleurotaceae, HSV-2 strain BH in RK-13 The mycelium of T. versicolor 353 was discovered to have a high therapeutic index Filippova et al. (2013)
P. Kumm.,, Fomes Polyporaceae, cells - inhibition as for (324.67)
fomentarius (L.) Fr., , Fomitopsidaceae, influenza
Auriporia aurea (Peck)
Ryvarden, and Trametes
versicolor (L.) Lloyd,
Boletus edulis Bull., Boletaceae, Polysaccharide fraction herpes simplex virus type 1 The mushrooms water extracts strongly suppressed viral reproduction in vitro, with Santoyo et al. (2012)
Pleurotus ostreatus (Jacq.) Pleurotaceae, (HSV-1) ICs, values ranging from 26.69 mg/ml-! to 35.12 mg/ml-1.
P. Kumm., and Polyporaceae Compounds with a high molecular weight (HMW) are responsible for antiviral
Lentinus edodes (Berk.) activity.
Singer, The antiviral activity of B. edulis compounds (likely chitin-binding lectins) was
discovered to be correlated with the presence of b-glucans in the polysaccharide
fractions, which were found to have stronger antiviral activity than the whole water
extracts.
Cordyceps militaris (L.) Cordycipitaceae acidic polysaccharide bronchoalveolar lavage fluid When given intranasally, the polysaccharide lowered virus titers in bronchoalveolar Ohta et al. (2007)
Link, and the lung of mice infected lavage fluid and the lungs of mice infected with influenza A virus and enhanced
with influenza A virus survival rates.
APS increased TNF-alpha and IFN-gamma levels in mice.
APS enhanced NO production and promoted iNOS mRNA and protein expression in
RAW 264.7 murine macrophage cells.
There was also an increase in the expression of cytokine mRNA, such as IL-1beta,
IL-6, IL-10, and TNF-alpha.
Rozites caperatus (Pers.) Cortinariaceae protein RC28 herpes simplex virus-1 in Yan et al. (2015)

P. Karst.,

Vero cells and in a herpes
simplex virus-1 mouse
keratitis model

® The antiviral protein RC28, which was isolated from the fungus Rozites
caperata (Cortinarius caperatus), was found to have significant antiviral activity
against the herpes simplex virus-1.

® The peptide reduced viral yields by at least 1.2 logs in Vero cells, while the
cloned peptide delayed the start of stromal keratitis and reduced its severity in
an animal model.

(continued on next page)
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Table 1 (continued)

Species name

Family

Extract/compound

Model

Key results

Refs.

Phellinus linteus (Berk. &
M.A. Curtis) Teng

Phellinus baumii Pilat,

Phellinus igniarius (L.)
Quél.,

Porodaedalea pini (Brot.)
Murrill

Inonotus obliquus (Ach.
ex Pers.) Pilat,

Hymenochaetaceae

Hymenochaetaceae

Hymenochaetaceae

Hymenochaetaceae

Hymenochaetaceae

inotilone (1) and 4-(3,4
dihydroxyphenyl)—3-buten-
2-one

2

Polyphenols (hispidin,
hypholomine B,

inoscavin A,
davallialactone, and
phelligridin D)

eudesm-1p, 6a, 11-triol,
compound 1), one ergosta
-4, 6, 8(14),
22-tetraen-3-one (compound
2), four polyphenols
(compounds 3, 4, 5, 6), and
one pyrone (3-hydroxy-2-
methyl-4-pyrone, compound
7)

polymers, EP-AV1 and
EP-AV2

Inonotus obliquus
polysaccharides (IOP),

Recombinant influenza A
virus HIN1 (rvHIN1).

Influenza A virus
(H1N1, H5N1, and
H3N2)

H5N1 influenza A virus

plaque formation in Vero
cells caused by herpes
simplex virus 1 (HSV-1)

herpes simplex virus (HSV)

hepatitis C virus

Human immunodeficiency
virus type 1 (HIV-1).

The activity of HIN1 neuraminidase was reduced in a dose-dependent manner by
compounds 1 and 2, with IC50 values of 29.1 and 125.6 M, respectively.

They also showed antiviral effectiveness in a viral cytopathic impact reduction
experiment employing MDCK cells.

All drugs inhibited noncompetitively HIN1, H5N1, and H3N2 neuraminidase
activity and reduced the quantity of virally-induced cytopathic effect in an MDCK
cell-based experiment (CPE).

Antiviral activity against H5N1 influenza is demonstrated by these drugs. An MTT
colorimetric assay method was used to analyze a virus in Madin-Darby canine
kidney cells.

Compound 1 has a great ability to inhibit the influenza virus, according to the data.
The 50% effective concentration was 0.14 0.04 M. According to molecular
modeling, the anti-influenza virus activity of this drug was also linked to
interactions of hydroxyl groups with an amino acid residue (Asn 170) of
neuraminidase (NA) at the binding site.

In addition, at a concentration of 0.657 0.325 mg/mL, compound 1 inhibited the NA
enzyme by 50%, indicating that compound 1 is likely to interfere with the NA
enzyme.

® Plaque development was reduced by 91% and 93% in Vero cells caused by
herpes simplex virus 1 (HSV-1) at 5 g/mL, respectively, and by 32% and 84% in
HelLa cells induced by coxsackie virus B3 (CVB3) at 1 mg/mL.

® The selectivity indices for HSV-1 (ratio CC50/ECs,) were extremely high, with
values of >25,000 (EP-AV1) and >16,670 (ECs), respectively (EP-AV2).

® At relatively greater quantities, neuraminidase activity was also suppressed.

AEIO showed a significant reduction in herpes simplex virus (HSV) infection (the
50% inhibitory concentration in the plaque reduction assay was 3.82 g/mL, and
12.29 g/mL in the HSV-1/blue assay), as well as protection in Vero cells (the 50%
cellular cytotoxicity was > 1 mg/mL, and the selection index was > 80).

The mechanism of anti-HSV efficacy against the early stages of viral infection was
revealed utilizing a time course test, successful stage analysis, and fusion inhibition
assay to prevent viral-induced membrane fusion.

AFIO, unlike nucleoside analogue a, was able to effectively block HSV-1 entry by
acting on viral glycoproteins, preventing membrane fusion.

After both preventive (24 h before infection) and therapeutic administration, fungus
extracts demonstrated antiviral properties (during infection of porcine embryo
kidney cells).

The findings reveal that birch fungal extracts suppress infective virus production in
pig embryo kidney cells.

In lymphoblastoid cells culture MT-4, low toxic extracts were combined with the
virus at a dosage of 5.0 g/ml and demonstrated antiviral action.

The extract of the birch fungus can be used to make new antiviral medications and
HIV-replication inhibitors when used as single pharmaceuticals or as part of a
complicated treatment.

Hwang et al. (2014)

Hwang et al. (2015)

Song et al. (2014)

Lee et al. (2010)

Pan et al. (2013)

Shibnev et al. (2011)

Shibnev et al. (2015)

(continued on next page)
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Table 1 (continued)

Species name Family Extract/compound Model Key results Refs.
Inonotus obliquus f. Hymenochaetaceae Polysaccharides (IOPs) HIV-1 IOP was found to have wide antiviral activity against feline herpesvirus 1, feline Tian et al. (2017)
sterilis (Vanin) influenza viruses H3N2 and H5NG®, feline panleukopenia virus, and feline infectious
Balandaykin et Zmitr., peritonitis virus, all of which can cause respiratory and gastrointestinal illnesses in
cats.
According to these findings, IOP could be a viable broad-spectrum antiviral therapy
for feline infections.
Pleurotus cystidiosus O.K. Pleurotaceae polysaccharide HIV-1 reverse transcriptase Wang et al. (2007)
Vil ® With an IC5, of 8.7 10(—2) pm it inhibited HIV-1 reverse transcriptase.
Pleurotus citrinopileatus Pleurotaceae Polysaccharopeptide HIV Reverse transcriptase Li et al. (2008)
Singer, (modified with and
chlorosulfonic acid) glycohydrolase ® It generated a mitogenic response in mouse splenocytes in vitro, with the
maximum response occurring at 2 microM lectin concentration. The lectin
inhibited HIV-1 reverse transcriptase with an ICs, of 0.93 microM. It did not
have any antifungal qualities at all.
Pleurotus ostreatus (Jacq.) Pleurotaceae Ubiquitin-like Protein HIV-1 reverse transcriptase Wang et al. (2000)
P. Kumm., inhibitory activity
® It hindered translation (IC5,) = 160 nM) and exhibited poor ribonucleolytic
activity (14 micro/mg) against yeast tRNA in a rabbit reticulocyte lysate system.
® It also had inhibitory effect against the human immunodeficiency virus-1
reverse transcriptase, which might be enhanced by succinylation.
Pleurotus nebrodensis Pleurotaceae hemolysin anti-HIV-1 effects Hemolysin was discovered to exhibit anti-HIV-1 action in CEM cell culture. Lv et al. (2008)
(Inzenga) Quél.,
Russula paludosa Russulaceae Peptide HIV-1 reverse transcriptase Wang et al. (2007)
Britzelm., inhibitory activity
® At doses of 1 mg/ml, 0.2 mg/ml, and 0.04 mg/ml, respectively, the inhibition
ratios were 99.2%, 89.3%, and 41.8%, yielding an IC50 of 11 microM. The
amino acid sequence KREHGQHCEEF is found at the N-terminus of SU2, which
has a molecular mass of 4.5 kDa.
Tricholoma giganteum Tricholomataceae Laccase HIV-1 Wang et al. (2004)
Massee, e The laccase was not adsorbed on DEAE-cellulose, however it was absorbed on
Affi-gel blue gel and CM-cellulose. It inhibited HIV-1 reverse transcriptase with
an IC(50) of 2.2 microM.
Grifola frondosa (Dicks.) Grifolaceae G. frondosa polysaccharide GFP1 was examined for anti-EV71 efficacy in cultured cells, and it was discovered Zhao et al. (2016)

Gray

(GFP1)

protein

D-fraction extracted from
Grifola frondosa (GF-D)

p-glucan

herpes simplex virus type 1
(HSV-1) replication in vitro
inhibitory effect on hepatitis
B virus (HBV)

HIV infection patients

that it inhibited EV71 viral replication, as well as viral VP1 protein expression and
genomic RNA synthesis.

GFP1 inhibited caspase-3 cleavage and IB downregulation produced by EV71,
indicating apoptotic and other activities.

The findings reveal that the novel G. frondosa polysaccharide exhibits antiviral
action, implying that it could be used as a new anti-EV71 treatment.

GFAHP inhibits HSV-1 penetration into Vero cells by directly inactivating HSV-1.

The combination of GF-D and IFN reduced HBV replication synergistically in 2.2.15
cells. In the presence of 0.45 mg/ml GF-D, the apparent ICs, for IFN was 154 IU/ml.
The antiviral activity of IFN was boosted 9-fold, suggesting that GF-D might be used
in conjunction with IFN.

These data show that using GF-D in combination with IFN could be a good way to
treat persistent HBV infections.

Twenty patients had an increase of 1.4-1.8 fold in CD4+ cell counts, whereas eight
had a drop of 0.8-0.5 fold. The viral load increased in 9 cases and dropped in 10
others.

However, 85% of respondents reported an increased sense of well-being in terms of
numerous symptoms and secondary diseases caused by HIV.

These results suggest that Maitake D-Fraction has a positive impact on HIV patients.

Gu et al. (2007)

Gu et al. (2006)

Nanba et al. (2000)
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scavenging, and anti-aging properties. Along with this, antiviral effec-
tiveness of G. lucidum triterpenoids has been shown against a range
of pathogenic viruses, including herpes simplex virus types 1 (HSV-1
and HSV-2), influenza A virus (Flu A), vesicular stomatitis virus (VSV),
and human immunodeficiency virus (HIV) (El-Mekkawy et al., 1998;
Eo et al., 1999) and siginificant inhibitory effects against dengue virus
(DENV) NS2B-NS3 protease in in vitro assay. Also in silico analysis of
four triterpenoids of G. lucidum namely Ganodermanontriol, Lucidu-
mol A, Ganoderic acid C2, and Ganosporeric acid A recorded viral pro-
tease inhibition effects when compared to the reference inhibitor 1,8-
Dihydroxy-4,5-dinitroanthraquinone. Thus the G. lucidum may benefi-
cially use in the development of novel medications to treat DENV-related
illnesses (Bharadwaj et al., 2019).

The antiviral effects of two protein-bound polysaccharides were iso-
lated from G. lucidum, a neutral protein-bound polysaccharide (NPBP)
and an acidic protein-bound polysaccharide (APBP), were examined uti-
lizing a plaque reduction test against herpes simplex virus types 1 (HSV-
1) and 2 (HSV-2). APBP surpassed NPBP in terms of antiviral activity
against HSV-1 and HSV-2 at a 50% effective concentration (ECs, of 300-
520 pg/mL). APBP blocked HSV-1 and HSV-2 binding to Vero cells at
doses of 100 and 90 pug/mL, respectively, and both forms of HSV were
prevented from entering Vero cells (Eo et al., 2000).

In the face of the infectious haematopoietic necrosis virus (IHNV),
the antiviral activity of Lentinan (LNT-1), a powder made from Lentinus
edodes mycelia (shiitake) mushroom, was investigated. According to the
results, LNT-1 has a sub-atomic burden of 3.79 x 10> Da and has a f/—(1
3)—glucan backbone with p—(1 6)—glucosyl side-branching units ter-
minated by mannosyl and galactosyl residues. LNT-1 demonstrated an-
tiviral efficacy against INHV, and its main antiviral mechanisms were
due to the immediate inactivation and viral replication limitation, ac-
cording to the research (Lee et al., 2009; Rincéao et al., 2012).

The anti- herpes simplex Virus-1 activity was found in the aqueous
extracts of Fomes fomentarius (ECsy, 11.22 mg/mL; SI > 4.46), Phellinus
igniarius (ECsg, 9.71 mg/mL; SI > 5.15), and P. pini (ECsg, 7.16 mg/mL;
SI > 6.98) (Dogan et al., 2018).

In another in vitro study in MDCK cells, the antiviral activity of higher
mushroom mycelia was examined against influenza A (serotype HIN1)
and herpes simplex infection type 2 (HSV-2), strain BH. Whereas another
experiment in RK-13 cells reported, Pleurotus ostreatus, Fomes fomentar-
ius, Auriporia aurea, and Trametes versicolor viable against HSV-2 strain
BH, with comparable levels of flu suppression. In this study, A. aurea
exhibited resistance to the flu and antiherpetic workouts. The high re-
generative file (324.67) of T. versicolor 353 mycelium suggests that it
might be a potential material for the pharmaceutics as an antiviral and
antiherpetic specialist with low toxicity (Krupodorova et al., 2014).

In a rat experiment, an antiviral protein derived from Grifola frondosa
(GFAHP) inhibited HSV1 multiplication in vitro and lowered the sever-
ity of the viral infection (Gu et al., 2007). HSV1 infection was similarly
inhibited by polysaccharides from Agaricus blazei Murill in HEp2 cell cul-
tures (Minari et al., 2011; Yamamoto et al., 2013). By reducing infection
attachment, segment, and cell to cell transmission, A. blazei mycelium
polysaccharide decreased ocular, cutaneous, and vaginal (HSV2) ill-
nesses in mice, as indicated by plaque reduction (Cardozo et al., 2013).
Surprisingly, this was caused by a blockage of early viral penetra-
tion (Minari et al., 2011). In vitro assays, G. frondosa polysaccharide
was found to inhibit replication of enterovirus 71 (EV71), the major
causative for foot, hand, and mouth infection, smother viral protein ar-
ticulation and induce apoptosis (Zhao et al., 2016).

One study found that A. blazei metabolites had a direct antiviral ef-
fect against flu infection in vitro and inhibited HIN1 flu infection in a
plaque structure test after viral infiltration of host cells (Avtonomova &
Krasnopolskaya, 2014). Hericium erinaceus has also been demonstrated
antiviral characteristics by restoring mucosal tolerance in ducklings that
had been damaged by the Muscovy duck reovirus (Wu et al., 2018).
Furthermore, H. erinaceus was assumed to be capable of neutralizing
Dengue virus contamination in vitro, as shown by plaque reduction ex-

Food Chemistry Advances 1 (2022) 100023

periments that showed inhibition of adhesion and penetration, as well
as a decrease in viral output articulation (Ellan et al., 2019).

Against influenza A virus (HIN1pdm), polysaccharide fractions of
water and ethanol extracts of Pleurotus pulmonarius showed antiviral ac-
tivity (Ilyicheva et al., 2020). After being introduced to cells, polysac-
charide fractions inhibited or prevented viral multiplication, assembly,
and release.

Pleurotus abalonus, Coriolus versicolor, Agaricus bisporus, Pleurotus
citrinopileatus, Lentinula edodes, Pleurotus ostreatus, Rassula paludosa,
and Tricholoma giganteum have all developed anti-HIV mushroom
compounds. The polysaccharide, polysaccharopeptide, lectin, lentin,
ubiquitin-like protein, peptide, and laccase have been reported to pri-
marily target HIV reverse transcriptase as well as by reducing viral en-
trance, replication, viral enzyme, viral protein production, and cellu-
lar proteins, they claim to improve immunity against HSV-1, HSV-2,
influenza A virus, HIV, HCV, FCV, and EV71. Polysaccharide, lectin,
lentin, and laccase from P. abalonus, P. citrinopileatus, L. edodes, and T. gi-
ganteun had ICs of 0.1-2.2 M against HIV-1. While, anti-HIV drugs like
AZT, dideoxycytidine, and dideoxyinosine have ICs of 0.03-0.5 M, 0.5-
1.5 M, and 2-10 M against HIV-1, respectively. As a result, mushrooms-
derived compounds may be used as antiviral agents (Adotey et al., 2011;
Collins & Ng, 1997; Eguchi et al., 2017; Li et al., 2008; Lv et al., 2009;
Ngai & Ng, 2003; Seo & Choi, 2021; Wang & Ng, 2000, 2004; Wang et al.,
2011, 2007).

Mushroom compounds’ antiviral mechanisms have been well estab-
lished against enveloped viruses; however, non-enveloped viruses like
NoV and enteroviruses are yet to be investigated. Therefore, bioactive
metabolites from mushrooms might be employed as antiviral options
against DNA and RNA viruses like nCoV causing COVID-19 (Seo &
Choi, 2021). The more details of the antiviral studies’ results are de-
picted in Table 1.

4.3. Mushroom bioactive compounds as immunomodulators

Immunomodulators are important components in advanced health
and wellness industries, matching the invulnerable framework’s role as
the principal infection-prevention barrier. In clinical practice, they are
usually classed as immunological suppressants, immune stimulants, or
immune adjuvants. For healthy persons, they are also utilized as pro-
drugs or preventive medication. Over 50 mushrooms have been recog-
nized as containing natural mixes that are invulnerable to handle and
have extraordinarily extended subatomic weight and structure. Almost
no mushrooms with immunomodulator properties have workouts that
improve both inborn and flexible invulnerable frameworks. They in-
crease cytokine articulation and emission, malignant development, and
incurable disorders by multiplying and activating inborn safe frame-
work components such as Natural Killer (NK) cells, neutrophils, and
macrophages, as well as enhancing cytokine articulation and emission
(Zhao et al., 2020). Many mushroom compounds act as the potential im-
munotherapeutic and immunomodulators in various research, and the
results depict that it could be possibly use in the treatment of COVID-19.

Some of these important mushrooms and their compounds include
Grifola frondosa (Dicks: Fr) S.F. Gray (ergosterol), Ganoderma lucidum
(Curtis) P. Karst (ganoderiol F, ganodermanontriol, ganoderic acids (A,
B, D, F, G, H, Z), ganosporeric acid A, ganopoly), Ganoderma pfeifferi
Bres (ganodermadiol, lucidadiol and applanoxidic acid G), Ganoderma
annulare (Pers.) Bres. (Applanoxidic acid A), Hericium coralloides (Scop.)
Pers. (Erinacin E), Inonotus hispidus (Bull.) P. Karst. (Hispolon and his-
pidin), Lentinula edodes (Berk.) Pegler (eritadenine), Laricifomes offici-
nalis (Vill.) Kotl. & Pouzar (Dehydrotrametenolic acid), Lenzites betulina
(L.) Fr. (Betulinan A), Scutiger ovinus (Scutigeral), Scutiger confluens
(Albaconol), Wolfiporia cocos (F.A. Wolf) (Dehydrotrametenolic acid),
Trametes versicolor (L.:Fr.) Quel. (Coriolan) and Schizophyllum commune
Fries (Schizophyllan) (Hazama et al., 1995; Liua, 2002; Ali et al., 1996;
Lee et al., 1996; Mothana et al., 2003; Saito et al., 1998; Sato et al., 2002;
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Smania et al., 2003; Szallasi et al., 1999; Zhang et al., 2002). These com-
pounds were described and their structures depicted in Fig. 2.

These compounds promote B cell growth for antibody production
while also inciting T cell dissociation to T partner cells, which combat
cell and humoral invulnerability independently. Immune-modulatory
lectins, immunological-modulatory terpenes and terpenoids, immune-
modulatory polysaccharides, and fungal immune-modulatory proteins
(FIPs) are the four primary categories of mushroom immune modula-
tors that have been proven to effectively reduce cytokine production
(Zhao et al., 2020).

TML-1 and TML-2, two lectins isolated from Leucocalocybe mon-
golica (syn. Tricholoma mongolicum), showed anticancer and immune-
modulating activities through raise the production of macrophage-
activating factors and so impede the proliferation of mouse lymphoblast-
like (p815) mastocytoma cells by increasing nitrite and tumor necro-
sis factor (TNF-a). Interferon (IFN-y) and other cytokines, such as in-
terleukin (IL-14) and transforming growth factor (TGF), are influenced
by up-regulation of inducible nitric oxide synthase (iNOS) (Zhao et al.,
2020).

Even at extremely low doses, the lectin from Grifola frondosa has
been demonstrated to have a significant cytotoxic impact on HeLa cells
in vitro. Ricin-B-like lectin, a 15.9-kDa homodimeric lactose-binding
lectin, isolated from Clitocybe nebularis with anti-proliferative action
against human leukemic T cells by binding to carbohydrate receptors
(Pohleven et al., 2009), causes the maturation and activation of den-
dritic cells (DCs), as well as the activation of many pro-inflammatory
cytokines (Pohleven et al., 2012).

LNT-1, Lentinan powder made from Lentinus edodes mycelia (shi-
itake) mushroom, caused a significant decrease in the outflow of pro-
inflammatory cytokines like TNF-a, IL-2, and IL-11, as well as an in-
crease in the expression of antiviral, antiproliferative, and immunomod-
ulatory cytokines like IFN-1 and IFN- y (Lee et al., 2009; Rincao et al.,
2012). The usual safe response, as previously stated, is a crucial determi-
nant in the severity of COVID-19 disease and infection result. Therefore,
the effects of LNT-1 could be evaluated against this disease, since SARS-
COV-2 patients have high levels of flaming cytokines (Chaisuwan et al.,
2021).

Similarly in another study using peptidomannan extracted from
Cordyceps militaris, the mice infected with influenza A virus (H2N2) were
administered orally and intraperitoneally with peptidomannan, which
enhanced survival and elevated IFN levels in the blood (Suzuki et al.,
1979). In mouse lung tissue, it also reduced lung consolidation and
virus titer. In vitro, however, peptididomannan had no impact on the
virus. According to the study results, peptidomannan seemed to re-
duce viral infection via immunological strengthening (Hwang et al.,
2014).

4.3.1. Immunomodulatory effects of mushrooms terpenes

Modified terpenes (terpenoids or isoprenoids) are discovered in
macrofungi with biological properties that might be employed in
medicine. Ganoderma sp. mushrooms, such as G. lucidum and G. ap-
planatum, are known for high quantities of triterpenoids such as lanos-
tane, which possesses immunomodulating and anti-infective activities
(Chakraborty et al., 2019). Whereas, the triterpenoids from G. lucidum
and G. lingzhi may aid to minimize drug-induced nephrotoxicity and in-
flammation. The activation of the nuclear factor (NF-xB) pathway and
mitogen-activated protein kinases has been shown to possess antitumor,
immune-modulatory, and/or anti-infective properties of G. lucidum, G.
lingzhi, and G. applanatum (Ina et al., 2013; Jeong et al., 2008).

Their diversified behaviors, on the other hand, suggest that they have
a lot of promise for research and clinical treatment applications, despite
the fact that their behavior processes and structure-activity correlations
are still little understood. Some G. lucidum terpenes have been demon-
strated to protect against medication nephrotoxicity and inflammation,
hinting that they might be used in medicine (Zhao et al., 2020).
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4.3.2. Immunomodulatory effects of polysaccharides

In recent times Yin et al. (2021) have been reviewed and reported
that, edible mushrooms polysaccharides immunomodulatory effects.
Many mushroom polysaccharides enhanced the immune system by the
activation of inflammatory cytokines and other mediators. F. velutipes
(PVPB1), enhanced the pro-inflammatory cytokines levels (IL-1, IL-6,
TNF-¢) in the RAW 264.7 cells. On the other hand, increased IgM, IgG
levels and IL-10 in mouse B lymphocytes by the activation of ERK1/2,
NF-xB pathways. I obliquus (IP3a) increased the cytokines (IL-2, IL-12,
IL-6, TNF-a) in mice experiment. G. frondosa polysaccharide (GP11) and
fruiting body stimulate mRNA expression to produce NO, TNF-a and IL-
18, IL-6, IFN-y, MIP-1p, MIP-1«, and MIP-2 in the RAW 264.7 cells. H.
erinaceus (HEP-S) increased the levels of NO, IL-6, TNF-a by activat-
ing the mRNA protein expression in RAW 264.7 cells. A. biporus in-
creased NO production and iNOS, COX-2 expressions as well as mRNA
levels by increasing cytokines like IL-18, IL-6, TNF-a. Similarly activated
ERK/MAPK, NF-xB/IxB and ERK1/2 signaling pathways in RAW 264.7
cells. P. eryngii (EPA-1), A. mella (AAMP), C. militaris (CMPB-91) and
S. commune (F2) mushroom polysaccharides were increased the pro-
duction of NO, IL-1, IL-6, TNF-a by the activation of p38, ERK, JNK,
MAPK and NF-«xB, TLR-2 signaling pathways in RAW 264.7 cells. In this
review study authors compiled in vitro, in vivo experiments of mushroom
polysaccharides immunomodulatory effects (Yin et al., 2021).

Because the polysaccharides’ large molecular weight prevents them
from entering immune cells, they attach to cell receptors instead. The in-
citing component of polysaccharides contain many cell receptors includ-
ing Dectin-1, Complement Receptor 3 (CR3), Lactosylceramide (LacCer),
and Toll-Like Receptor (TLR)2. In these cases, the adequacy of polysac-
charides is governed by their low affinity for invulnerable cell receptors.
They have immunomodulatory effects as well, although with a delayed
immune system activation mechanism. Low molecular weight polysac-
charides, on the other hand, may enter immune cells and activate them
as a result of their simple structural shape, hence regulating immunity
(Barbosa et al., 2021).

The amount and length of short branched chains in mushroom
polysaccharides may have a significant influence on their bioactivity in
the immune system. In immunologically active polysaccharides, the de-
gree of branching number (DB) is generally between 20% and 40%. The
polysaccharide fraction of G. frondosa extract with the best immunomod-
ulatory activity was discovered to have a molecular weight of around
800 kDa (Adachi et al., 1990).

Although a high DB number is normally linked with enhanced
activity, in certain situations, debranching polysaccharides may also
boost their bioactivity. The activity of a largely debranched pachy-
maran from Poria cocos, for example, was greater than the natural form
(Chihara et al., 1970). Even with the well-studied lentinan, maximal
immune-modulating and anticancer activities were attained at a DB of
32%, and there was a negative relationship between biological activity
and DB levels between 32 and 40% (Bae et al., 2013).

Polysaccharide conformation, in addition to main-chain structure
and branching pattern, may alter bioactivity via changing the structure’s
stability. Mushroom polysaccharides with a random coil shape may have
anticancer and immune-modulating effects (Zhao et al., 2020). Increas-
ing the biological activity of polysaccharides by chemical modification
is a common and effective strategy. From mushroom polysaccharides,
this approach has been utilized to manufacture a range of immune
modulators. These alterations include carboxymethylation, hydroxyla-
tion, formyl-methylation, amino-ethylation, and sulfation. The inclu-
sion of such chemical groups might enhance the probable interaction
between modified polysaccharides and immune cell receptors through
hydrogen bonding and/or electrostatic attraction, hence boosting the
immunological response. The sulfated cell wall glucan from Lentinus
edodes has stronger immune-modulatory and anticancer effects than na-
tive polysaccharides. The enhanced impact of sulfation may be owing to
greater solubility, as demonstrated in the hyperbranched glucan TM3b.
As a result, the molecular weight, branching, chemical composition, and
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chemical modification of polysaccharides from mushrooms, when com-
bined, may have a major influence on their bioactivity (Chen et al.,
2012b; Zhang & Cheung, 2002).

In recent years, it has been established that mushrooms produce
a novel class of protein immune modulators known as FIPs (fungal
immune-modulatory protein) (Zhao et al., 2020). The FIPs are capable
of a broad variety of tasks. By connecting to Toll-like receptors, it stimu-
lates antigen-presenting cells and produces cytokines like NO and IL-12
(TLRs). By stimulating phosphorylation of p38/MAPK, it may stimulate
the proliferation and differentiation of helper T cells (ThO) into Th1 and
Th2 cells, activate macrophages and B cells, and enhance the forma-
tion of NF-«B. FIP from Flammulina velutipes, for example, may stimulate
Th1 cells to create IL-2 and IFN-y, and therefore perform its immune-
modulatory impact via phosphorylating p38/MAPK, which up regulates
the expression of intercellular adhesion molecules on the T cell surface
(Wang et al., 2004).

FIP, from Volvariella volvacea, can stimulate Thl cells and enhance
IL-2, TNF-« and IFN-y transformations, as well as induce Th2 cells to
generate IL-4, B cell differentiation, immunoglobulin transformation,
and antibody IgE development. FIP can also activate other signaling
pathways beside p38/MAPK and NF-«B by interacting with TLRs, ac-
cording to several reports. FIP from Ganoderma tsugae (FIP-gts), for ex-
ample, can activate the PI3K/Akt signaling pathway and induce human
peripheral blood monocytes to produce IFN-y (Hsiao et al., 2008).

FIPs is present in modest quantities in their native mushrooms, which
has impeded its study and adoption. As a consequence, strategies for im-
proving the generation of recombinant FIPs in other species, such as the
yeast Pichia pastoris and the bacterium E. coli, are being developed at a
fast pace. For example, the LZ-8 gene from Ganoderma lucidum has been
expressed in P. pastoris to produce recombinant LZ-8 protein (rLZ-8). De-
spite the fact that the recombinant protein lacks the carbohydrate com-
ponent of the natural protein, it has similar IL-2 induction bioactivity.
The FIP protein has also been expressed effectively in E. coli (Zhao et al.,
2020).

Poria cocos has a long history of medical usage in China. The adju-
vant mobility of PCP-II, a polysaccharide from Poria cocos, was studied
in mice co-vaccinated with HIN1 flu vaccination and hepatitis B surface
antigen (HBsAg). According to the results, PCP-II raised antigen-explicit
counteracting agent levels in mice vaccinated with influenza antibodies.
PCP-II induced larger titers of anti-HBsAg antibodies than HBsAg-alum
vaccinated animals. PCP-II enhanced the production of IL-12p70 and
TNF-a in dendritic cells and macrophages, respectively (Rincdo et al.,
2012). These findings suggested that PCP-II-adjuvanted vaccines im-
proved humoral and cell resistance, which may be used as an adjuvant
in both human and animal antibodies (Wu et al., 2016).

The acidic polysaccharide from Cordyceps militaris was reported
to increase immunological function by decreased influenza A virus
(HIN1) titers in the bronchoalveolar area and lung of mice while
raising TNF-a and interferon (IFN) levels in the blood, bronchoalve-
olar lavage fluid, and lung. It also elevated NO, inducible nitric ox-
ide synthase, interleukin (IL)-10, and proinflammatory cytokines such
IL-14, IL-6, and TNF-a in RAW 264.7 cells (Ohta et al., 2007). Ac-
cording to the study results, acidic polysaccharides seemed to re-
duce viral infection via immunological strengthening (Hwang et al.,
2014).

5. Potential applications of mushrooms to combat COVID-19

The viral load in COVID-19 (severe coronavirus disease) by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection peaks
early and past after symptom onset. COVID-19 is marked by altered in-
nate and adaptive immune responses, as well as an atypical cytokine
profile and multiorgan system dysfunction that persists long after the
virus has been eradicated. As a consequence, a treatment strategy based
primarily on antivirals may be inefficient, and antiviral medicines may
not be therapeutic later in the disease. Inmunomodulatory approaches
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being studied include corticosteroids, cytokine and anti-cytokine medi-
cations, small molecule inhibitors, and cellular therapies (Mingyi et al.,
2019).

In a randomized, controlled study, dexamethasone was the only med-
ication that showed a survival advantage for COVID-19 patients. How-
ever, it is unknown which patients may benefit the most and if long-term
dangers, such as secondary infections, will be present. The immunolog-
ical dysregulation of severe COVID-19 is discussed here, as well as the
existing evidence for medicinal mushrooms’ immunomodulatory effects.
For a number of reasons, natural polysaccharides, particularly mush-
room polysaccharides, have received a lot of attention recently and have
become a frequent dietary component (Mingyi et al., 2019).

Various research discussed here showed that mushroom polysac-
charides may improve the function of immunological organs and cells,
hence boost immunity (Zhang et al., 2020b). As a consequence, discov-
ering a natural immunoregulator in mushrooms to improve immunity
is a current scenario. Beside the specific polysaccharides, mushroom
biomolecules have previously been shown to have antiviral and anti-
inflammatory properties, making them promising candidates for new
antiviral therapeutics (Fig. 1). As a consequence, natural compounds
with the potential to be effective innovative COVID-19 therapies may
seem to be attractive sources (Orhan & Deniz, 2020).

Polysaccharide extracts from Cordyceps (Ophiocordyceps sinen-
sis/Cordyceps militaris), Coriolus (Trametes versicolor), Shiitake (Lentin-
ula edodes), and Maitake (Grifola frondosa) mushrooms have all been
shown to have an inhibitory effect on flu infection in vivo. Different
extracts from Zhu Ling (Polyporus umbellatus), Sun Agaric (Agaricus sub-
rufescens), Reishi (Ganoderma lucidum), and Cordyceps have also shown
promise in the treatment of Hepatitis B in clinical trials (Gao et al., 2002;
Hsu et al., 2008; Liu et al., 2001; Yan, 1988). In individuals with re-
current genital herpes, supplementing with Coriolus extract resulted in
enhanced invulnerability and fewer days off, and clinical research have
demonstrated that Coriolus, Reishi, and mixed mushroom polysaccha-
ride derivatives all help to prolong the freedom of high-risk HPV strains
(Couto & da Silva, 2008; Donatini, 2014; Kawana & Hashido, 1988).

In an in vivo study, using mushroom extracts to guard against in-
fluenza antibodies increased protective invulnerability, while FVe, a
protein from Enokitake (Flammulina velutipes), was shown to fundamen-
tally prolong the anti-tumor protection afforded by HPV-16 vaccination
in another sample (Ding et al., 2009; Ichinohe et al., 2010). Several
mushrooms have chemicals with direct antiviral action, and two in par-
ticular stand out for their potential advantages in the present epidemic.

Cordycepin (3’-deoxyadenosine) from Cordyceps organisms has been
proven to limit viral replication in a number of investigations (Qin et al.,
2019). It also has a powerful calming movement and has been demon-
strated to successfully protect the lungs from severe harm caused by
the sort of provocative insusceptible response observed in more ex-
treme COVID-19 virus illnesses (Lei et al., 2018). At dosages of 10, 30,
and 60 mg/kg/day, Ophiocordyceps sinensis was shown to protect mice
against severe lung damage, with higher doses giving more substantial
protection (Fu et al., 2019).

Reishi triterpenes have also been demonstrated to have a consider-
able mitigating impact, inhibiting viral replication and reducing viral
replication. Angiotensin-converting enzyme activity has been reported
to be inhibited by triterpenes and proteins from Reishi, blocking the
conversion of ACE-1 to ACE-2, the sort of chemical via which COVID-
19 reaches cells. Although mushrooms clearly aid in the development
of our immune systems and the prevention of infection, they are not a
cure (Ansor et al., 2013; Morigiwa et al., 1986).

Finally, some interesting mushrooms studied here (Agaricus sub-
rufescens, Agaricus blazei Murill, Cordyceps sinensis, Ganoderma lu-
cidum, Grifola frondosa, Hericium erinaceus, Inonotus obliquus, Lentin-
ula edodes, Pleurotus ostreatus, Poria cocos and Trametes versicolor)
also showed pleiotropic effects that could provide a multimodal ap-
proach to COVID-19 management through antiviral, anti-inflammatory,
and immunomodulatory effects as they had reduced the cytokines pro-
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Fig. 1. Schematic diagram representing potential candidates originating from mushrooms, such as polysaccharides, lectins, terpenes, polyphenols, and lipids, can
be investigated for possession of high degree antiviral, anti-inflammatory and immunomodulatory effects for prevention and therapy of SARS-CoV-2.

duction which is considered as most fatal in COVID-19. As a result, di-
etary supplements and nutraceuticals based on ethnomycological mush-
room expertise have showed promise in preventing and treating the
present epidemic (Slomski, 2021).

Based on prior experiences with coronavirus outbreaks, seasonal epi-
demics produced by other viruses, and the efficiency of natural prod-
ucts in the treatment of HIV, HCV, and Influenza, mushrooms and their
phytoconstituents might be developed as a possible medication can-
didate against COVID-19 (Shahzad et al., 2020). Despite this, there
is not enough proof of direct antiviral actions specific to the COVID-
19 virus. As a result, further study into the anti-viral property with
anti-inflammatory and immunomodulatory effects, as well as the qual-
ity and safety of herbal drugs, is required to identify their role in
COVID-19 therapy. Mushroom derived biochemical compounds must
have anti-inflammatory, antioxidant, antiviral, and immunomodulatory
effects to be an effective therapy in the treatment of COVID-19. De-
spite the renin-angiotensin system being involved in COVID-19, with
ACE-2 as the main target, to be an effective therapy in the treatment
of COVID-19 (Attah et al., 2021; Brendler et al., 2021; Rangsinth et al.,
2021).

6. Limitations of the study

Mushrooms are mostly employed as nutritional supplements or func-
tional meals at the moment. However, special precautions should be
taken in terms of preparation, application, dose, and harmful conse-
quences.

In addition, to establish the mushroom’s impact against coronavirus
infection, preclinical and clinical laboratory experiments, standard-
ization, and scientific validation must be considered with legal au-
thorization.

Establishing the safety of medicinal mushroom-derived food items
for therapeutic use via the development of clinical study approaches.
Strengthening the reverse pharmacology process by identifying the
primary molecule using cutting-edge technologies.

12

7. Future perspective and conclusion

The continued proliferation of COVID-19 necessitates the public
exposure of alternate therapeutic procedures. Natural remedies have
been utilized in a variety of methods since ancient times. They’ve been
dubbed "intense clinical specialists" against a broad spectrum of viral
diseases because to their antiviral capabilities. The body’s protective
frameworks help to fight against infections and pathogens development
as well as a number of other disorders. Many allopathic medications are
available to assist us to improve our immune systems, but we all know
that they come with a lengthy list of negative effects and are costly. As
a consequence, we seek for other sources such as Traditional Chinese
Medicine and Ayurvedic products containing medicinal mushrooms,
which offer a healthy environment for the body while also strengthening
the immune system without producing any negative side effects. Several
studies have shown that those with excellent immunity have a greater re-
covery rate in the event of a COVID-19 pandemic. Phytochemicals found
in medicinal mushrooms include terpenoids, alkaloids, flavonoids, phe-
nols, tannins, polyphenols, polysaccharides, proteins, lipids, and pep-
tides, all of which have potent antiviral properties in terms of prevent-
ing viral invasion, penetration, replication, expression, assembly, and
release. Furthermore, since the illness’s emergence, restorative medici-
nal mushrooms and their culinary elements have emerged as the most
promising options for preventing or treating infection and disease trans-
mission. Regardless, they are now being evaluated in vitro in order to
acquire quick verification of COVID-19 patients’ positive strength.

In the present paper, which explained the possible role of natural
definitions to treat COVID-19, we outlined the progressing preliminaries
of medicinal mushrooms and their biomolecules against this hazardous
sickness. Nonetheless, the assays for determining COVID-19 resistance
by several medicinal mushroom taxa are inadequate or not pointed out
but they are in one or other way effective for its symptoms. Regardless,
research is beginning to identify their potential benefits, and we hope
that future studies will be undertaken in a more thorough manner. Sev-
eral researchers are continuing to work on these investigations in order
to produce an effective antiviral agent for this virus. Combining these
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